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@ Inflatable percutaneous oxygenator with transverse hollow fibers. 

@ An intravenous fiber membrane oxygenator is 
disclosed in several embodiments wherein the 
fibers either run at a transverse angle relative to 
the longitudinal axis of the oxygenator and/or 
are of a reduced length to optimize the gas 
transfer efficiency of the oxygenator. Various 
helical or spiral wraps of fibers are disclosed. 
One embodiment utilizes two sets of longitudi- 
nally extending fibers wherein the oxygen gas is 
moved in opposite directions from a central 
location of the oxygenator. 
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BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates generally to gas 
transfer devices and more particularly to a percutane- 
ous intravenous oxygenator utilizing hollow gas per- 
meable fibers. 

Description of the Prior Art 

Many types of blood oxygenators are well-known 
In the art. For example, during open heart surgery, the 
patient is Interconnected with an external oxygenator, 
commonly l<nown as a heart-lung machine, which in- 
troduces oxygen into the blood system. Most types of 
oxygenators use a gas permeable liquid Impermeable 
membrane. Blood flows along one side of the mem- 
brane, and oxygen is supplied to the other side of the 
membrane. Given a sufficient pressure gradient be- 
tween the oxygen supply and the blood, the oxygen 
will diffuse through the membrane and into the blood. 
In addition, carbon dioxide will tend to diffuse from 
the blood through the membrane. In other situations, 
a smaller, implantable oxygenator may be sufficient 
to adequately supplement the patlenfs cardiopul- 
monary function by marginally increasing the oxygen 
content of the patlenfs blood. For example, patients 
suffering from emphysema, pneumonia, congested 
heart failure, or other chronic lung disease often have 
blood oxygen partial pressures of approximately 40 
torn A relatively small increase of 10% to 20% is gen- 
erally sufficient to adequately maintain the patient. 
This is a particularly desirable alternative in that it 
avoids the need to intubate the patient in such cases. 
In addition, temporary use of this type of oxygenator 
is sufficient in nnany cases to tie the patient over in 
acute respiratory insult. Placing such patients on a 
conventional respirator is often the beginning of a pro- 
gressive down hill spiral by damaging the patient's 
pulmonary tree and thereby causing greater depend- 
ence on the respirator. 

The effective rate of diffusion in percutaneous 
oxygenators can be limited in some Instances by the 
problem of "streaming" or "channeling," in which the 
blood stream establishes relatively stable patterns of 
flow around and through the oxygenator. Portions of 
the oxygenator are exposed to a relatively high veloc- 
ity, turbulent flow of blood. These conditions tend to 
increase cross-diffusion of oxygen and carbon diox- 
ide. However, other portions of the oxygenator are ex- 
posed to a low velocity, laminar flow of blood which 
reduces diffusion of gases. Those portions of the 
oxygenator immediately adjacent to the regions of the 
high blood flow may continue to experience high rates 
of diffusion, but the remaining portions of the oxyge- 
nator tend to have relatively low diffusion rates. Thus, 
the overall diffusion rate of the oxygenator can be 



substantially diminished by streaming. A number of 
devices and processes hiave been invented in the 
past relating to different types of oxygenators. 

U.S. Patent No. 3,505,686 to Bodell demon- 
5 strates the general concept of using gas permeable 
fibers to boost the oxygen level of blood. The patent 
discloses several variations of the device wherein it is 
intended for use inside the body of the patient. In the 
implantable embodiment of the Bodell device, a tub- 
10 ular casing serves as a shunt eitherfrom the pulmon- 
ary artery to the left atrium of the heart or more gen- 
erally between an artery and a vein. A multitude of 
parallel-connected capillary tubes are used to oxy- 
genate and/or purify the blood circulating to the cas- 
ts ing. 

U.S. Patent No. 4,583,969 to Mortenson shows a 
transvenous oxygenator made of a plurality of small 
diameter gas permeable tubes connected to headers 
at each end. However, the specific device disclosed 

20 by Mortenson has a significant disadvantage in that 
two incisions are required. 

U.S. patent to Taheri No. 4,631,053 discloses a 
transvenous oxygenator having a single membrane 
through which oxygen diffuses. The membrane Is dis- 

25 posed within a sheath and both are supported by a 
flexible wire. 

U.S. Patent No. 4,850,958 to Berry, et at. disclo- 
ses an in yb/o extrapulnrK}nary blood gas exchange 
device having a bundle of elongated gas permeable 

30 tubes bound at each end and enclosed within respec- 
tive air tight proximal and distal chambers. A dual lu- 
men tube is situated relative to the gas penmeable 
tubes such that an outer lumen terminates within the 
proximal chamber and inner lumen terminates within 

35 the distal chamber. 

U.S. Patent No. 4.911,689 to Hattler and Patent 
No. 4,986,809 to Hattter, et al. disclose several em- 
bodiments of percutaneous oxygenators. In the sim- 
plest embodiment, oxygen is circulated through a 

40 plurality of hollow, gas permeable fibers forming 
loops and the device is inserted through a single in- 
cision into a blood vessel. In other embodiments, the 
fiber loops are bisected and placed in fluid communi- 
cation within a mixing chamber within a tip at the distal 

45 end of the device. 

Due to the inherent desirability and need for de- 
vices of the above-descrjbed type, continuing efforts 
are being made to improve the efficiency of the gas 
transferred provided by the device and It is to meet 

50 these needs that the present Invention has been de- 
veloped. 

SUMMARY OF THE INVENTION 

55 The present invention was developed to improve 

upon prior art oxygenators of the type that include hol- 
low gas permeable/liquid impermeable membrane 
fibers that can be inserted into the vena cava to oxy- 
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genate blood intravenously. It has been found that the 
efficiency of such an oxygenators can be Improved by 
minimizing the length of the fibers and/or deploying 
the fibers so that they do not run longitudinally of the 
device as In prior art systems. The blood gas transfer 
is also improved by maintaining constant movement 
of the gas fibers through use of an Inflatable balloon 
around which the fibers extend. 

Several embodiments of an oxygenator in accor- 
dance with the above teachings are disclosed with the 
first embodiment including several spirally wound 
sets of fibers each having input and output ends in 
communication with inlet and outlet manifolds. Each 
set of fibers is spirally wound In an opposite direction 
and surrounds an Inflatable balloon which is connect- 
ed to a gas inflation source for sequentially Inflating 
and deflating the balloon to keep the fibers In con- 
stant motion. A gas delivery line is connected to the 
input manifold to deliver gas to the fibers and a va- 
cuum source is attached to the output manifold so 
that the gas can be drawn through the fibers at a neg- 
ative pressure. 

In a second embodiment of the invention, an 
elongated tubular gas delivery manifold is connected 
to one end of a plurality of gas fibers with the manifold 
extending longitudinally of the oxygenator. A similar 
elongated tubular gas exhaust manifold Is connected 
to the opposite end of the fibers and the fibers are 
wrapped around one of the manifolds as well as an in- 
flatable and deflatable balloon so that several layers 
of the fibers can be wound transversely around the 
balloon. Circumferential displacement of the mani- 
folds in one direction or another serve to increase or 
decrease the diameter of the oxygenator so that it can 
be decreased in diameter for easy Insertion into the 
vena cava of a patient and increased in diameter 
while in the vena cava for optimal gas transfer. 

In a third embodimentt two sets of gas permeable 
fibers are interwoven with the fibers of each set ex- 
tending in parallel relationship with each other and 
substantially perpendicular to the fibers of the other 
set. One set of fibers extends longitudinally of the de- 
vice and the other set transversely. An elongated 
semi-rigid manifold is connected in fluid communica- 
tion to the input end of one set of fibers as well as to 
a substantially perpendicular but flexible elongated 
tubular manifold which is connected in communica- 
tion to the input end of the fibers of the second set. A 
duplicate set of manifolds are connected to the outlet 
ends of the fibers so that the fibers and the flexible 
manifolds can be wound around one of the semi-rigid 
elongated manifolds and a balloon so as to be config- 
ured similarly to the second described embodiment. 
As will be appreciated, however, with this arrange- 
ment, twice the number of fibers can be utilized there- 
by increasing the gas transfer efficiency of the de- 
vice. 

A fourth embodiment of the invention includes 



two sets of fibers which have been woven and dis- 
posed about an inflatable balloon such that the fibers 
of each set wrap helically around the balloon. An Inlet 
manifold and an outlet manifold are disposed at op- 

5 posite ends of the device In communication with input 
and output ends of the fibers respectively so that gas 
can be delivered to the input ends of the fibers and 
removed by vacuum from the outlet ends. The balloon 
is again inflatable and deflatable to maintain the fib- 

10 ers in constant motion for optimal gas transfer. The 
manifolds are also longitudinally moveable relative to 
each other to allow the fibers to expand and contract 
In a desired manner. 

In a fifth embodiment of the Invention, elongated 

IS tubular Inlet and outlet manifolds extend longitudin- 
ally of the device and are connected to inlet and outlet 
ends of gas permeable fibers which extend trans- 
versely to the manifolds and form a tubular construc- 
tion of fibers around an interior inflatable balloon. Gas 

20 is delivered to the inlet manifold and allowed to flow 
in opposite directions through the fibers and around 
the tubular body for collection at the outlet manifold 
which is connected to a vacuum source so that the 
gas flow can be maintained at a negative pressure. 

25 Several layers of fibers comprising the tubular body 
can be provided In alternative arrangements of this 
embodiment 

In a final embodiment of the Invention, at least 
three longitudinally spaced manifolds are provided 

30 with one of the manifolds being in communication 
with for example the input ends of two sets of fibers 
and the other two nr^nifotds being in communication 
with the output end of both sets of fibers so that gas 
Is transferred in opposite directions from an inter- 

35 mediate location on the device through both sets of 
fibers. The fibers sunround Inflatable balloons dis- 
posed between the manifolds at each end of the oxy- 
genator and the middle manifold. A desirable feature 
of this embodiment is that the fibers are of relatively 

40 short length which has also been found to Improve the 
gas delivery efficiency of the fiber membrane oxyge- 
nators. 

Other aspects, features and details of the pres- 
ent Invention can be more completely understood by 

45 reference to the following detailed description of the 
preferred embodiments, taken In conjunction with the 
drawings, and from the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

Fig. 1 is an isometric view of a first embodiment 
of the present invention. 

Fig. 2 is an enlarged fragmentary longitudinal 
section taken along line 2-2 of Fig. 1 . 
55 Fig. 3 is a longitudinal fragmentary sections sim- 

ilar to Fig. 2 with the balloon in a deflated condition. 

Fig. 4 is an enlarged transverse section taken 
along line 4-4 of Fig. 2. 
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Fig. 5 is an enlarged fragmentary section taken 
along line 5-5 of Fig. 3 with parts removed to show the 
various layers of the oxygenator. 

Fig. 6 is an enlarged fragmentary isometric with 
parts removed showing various layers of fibers. 

Fig. 7 is a further enlarged fragmentary elevation 
showing the relationship of various layers of fibers. 

Fig. 8 is an enlarged section taken along line 8-8 
of Fig. 2. 

Fig. 9 is an enlarged fragmentary elevation show- 
ing the interconnection of adjacent fibers in the oxy- 
genator of Fig. 1 . 

Fig. 10 Is an Isometric view of a second embodi- 
ment of the present invention with an alternative ar- 
rangement shown In phantom lines. 

Fig. 11 is an isometric view of the oxygenator 
shown in Fig. 10 in a reduced diameter configuration. 

Fig. 12 is a section taken along line 12-12 of Fig. 

10. 

Fig. 13 is a section taken along line 13-13 of Fig. 

11. 

Fig. 14 is an enlarged fragmentary section taken 
through the inlet manifold of the oxygenator of Fig. 1 0 
showing the connection of the manifold to the fibers. 

Fig. 15 is an isometric view of the oxygenator of 
Fig. 1 0 in an unrolled state and with the balloon shown 
In phantom lines In the alternative arrangement. 

Fig. 16 is an isometric view of a balloon used in 
a third emtxKllment of the present invention. 

Fig. 17 is an enlarged section taken along line 17- 

17 of Fig. 16. 

Fig. 18 is an enlarged section taken along line 18- 

18 of Fig. 16. 

Fig. 19 is an Isometric view of the third embodi- 
ment of the present invention in an unrolled state and 
without the internal balloon. 

Fig. 20 is an enlarged section taken through por- 
tions of the Inlet and outlet manifolds of the oxygena- 
tor of Fig. 1 9 showing their relationship with two inter- 
woven sets of fibers. 

Fig. 21 is an isometric view of a fourth embodi- 
ment of the present Invention. 

Fig. 22 Is an isometric view of the embodiment 
shown In Fig. 21 In an expanded state. 

Fig. 23 is an enlarged section taken along line 23- 

23 of Fig. 21. 

Fig. 24 is an enlarged section taken along line 24- 

24 of Fig. 22. 

Fig. 25 Is a further enlarged longitudinal section 
with parts removed of the embodiment of the inven- 
tion shown In Fig. 21. 

Fig. 26 is a further enlarged fragmentary eleva- 
tionai view showing the woven relationship of the two 
sets of fibers utilized in the embodiment Illustrated in 
Fig. 21. 

Fig. 27 is an isometric view of a fifth embodiment 
of the present invention. 

Fig. 28 is an enlarged section taken along line 28- 



28 of Fig. 27. 

Fig. 29 is an isometric view with parts removed 
of a modification to the embodiment shown In Fig. 27. 

Fig. 30 Is a section taken along line 30-30 of Fig. 

5 29. 

Fig. 31 is a longitudinal section taken through a 
sixth embodiment of the present invention positioned 
within the vena cava and illustrating the heart adja- 
cent thereto. 

10 Fig. 32 is an enlarged section taken along line 32- 

32 of Fig. 31. 

Fig. 33 is an enlarged section taken along line 33- 

33 of Fig. 31. 

Fig. 34 is an enlarged section taken along line 34- 
15 34 of Fig. 31, 

Fig. 35 is an enlarged section taken along line 35- 

35 of Fig. 31. 

Fig. 36 is an enlarged section taken along line 36- 

36 of Fig. 31 . 

20 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to Figs. 1-9, a first embodiment 40 

25 of the intravenous percutaneous oxygenator of the 
present invention can be seen to include a plurality of 
helically disposed hollow membrane fibers 42 having 
opposite ends in communication with ring like mani- 
folds 44 and 46 and an internal Inflatable balloon 48 

30 disposed within a space 50 defined by the fibers. The 
fibers 42 are commercially available hollow mem- 
brane fibers which are gas penmeable but liquid im- 
permeable. A suitable fiber Is manufactured by Mitsu- 
bishi and marketed under model no. KPF190M. The 

35 advantages of surrounding a balloon with the fibers 
resides in the fact that sequential inflation and defla- 
tion of the balloon will maintain the fibers In constant 
motion which Improves the gas transfer or cross- 
diffusion of gas into and out of the fibers as is more 

40 clearly described in U.S. Patent No. 5,122.113 which 
is hereby incorporated by reference. 

Membrane type oxygenators are characterized in 
general by the fact that oxygen rich gas will diffuse 
through the membrane into oxygen deficient blood on 

46 the opposite side of the membrane while excess car- 
bon dioxide in the blood will cross-diffuse through the 
same membrane into the oxygen stream. According- 
ly, when a membrane oxygenator is inserted in a 
blood vessel and oxygen passed therethrough, the 

50 oxygen will diffuse through the wall of the fiber mem- 
brane thereby oxygenating the blood and simultane- 
ously removing excess carbon dioxide from the 
blood. 

It should be appreciated that the oxygenator of 
55 the present invention could be used in other gas 
transfer environments such as for example to deliver 
an anesthetic. A better description of th is particular al- 
ternate use can be found in U.S. Patent No. 
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5,207,640, which is hereby incorporated by reference. 

The fibers 42 in the oxygenator 40 are actually 
deployed and helically wound in overlapping fiber 
mats 52 which consist of a plurality of substantially 
parallel fibers 42 that are transversely bound together 5 
as best shown in Fig. 9 by strands of thread 54 or the 
like which retain the fibers in a desired spaced rela- 
tionship. Each fiber mat 52 includes a set of fibers 
having an input end 56 and an output end 58 with the 
input end of the fibers in each mat being embedded 
in a suitable potting compound 60 in the input mani- 
fold 44 so as to be In fluid communication with a ring- 
like chamber 62 in the manifold 44 at the proximal end 
of the oxygenator. The opposite or output ends 58 of 
the fibers in each mat are similarly potted in a suitable 
potting compound 60 in the output or exhaust mani- 
fold 46 so as to be in fluid communication with a ring- 
like chamber 64 In the exhaust manifold at the distal 
end of the oxygenator. The internal space 50 defined 
by the helically wound fiber mats 52 and the input and 
the output manifolds 46 and 48, respectively, func- 
tions to position and retain the balloon 48 which is fab- 
ricated from a tubular polymer sleeve wherein the 
ends of the tubular sleeve are hermetically sealed in 
rubber grommet 66 and 68 or the like. The grommet 
66 at the proximal end of the balloon surrounds and 
hermetically confines a gas inflation tube or lumen 70 
which communicates with the interior of the balloon 
and is connected to a source of helium or the like for 
inflating and deflating the balloon. The proximal 
grommet 66 also surrounds and hermetically con- 
fines a vacuum line or lumen 72 which extends 
through the balloon 48 as well as the grommet 68 at 
the distal end of the oxygenator before passing 
through a reverse loop 73 and being potted in the out- 
let manifold 46 in communication with the ring-like 
chamber 64 and the output ends of the fibers. The va- 
cuum line 72 is connected at its proximal end to a 
source of vacuum (not shown). 

The input manifold 46 has a gas inlet line orlumen 
74 connected thereto which is exposed to a source of 
oxygen gas. The vacuum source connected to the va- 
cuum line 72 serves to draw the oxygen gas into the 
oxygenator through the inlet manifold 46 where it Is al- 
lowed to pass through the gas permeable fibers 42 
while defusing into the blood. The gas mixture accu- 
mulating at the outlet manifold 46, which includes not 
only oxygen that did not diffuse but also carbon diox- 
ide which cross diffused and was removed from the 
blood, is drawn from the oxygenator 40 through the 
vacuum line 72. 

It is important to note thatthe balloon 48 is loosely 
disposed within the space 50 defined by the fibers so 
as to be slidable relative to the manifolds 46 and 48. 
Accordingly, when the balloon inflates, the manifolds 
can be drawn longitudinally toward each other and 
when the balloon is deflated, the manifolds can be 
longitudinally displaced from each other. This ar- 



rangement allows the fibers to move desirably for op- 
timal gas transfer. 

As is best Illustrated In Figs. 6 through 8, the fiber 
mats 52 on each layer of the oxygenator are helically 
wound with each layer being wound in an opposite di- 
rection. In one prefenred embodiment of the oxygena- 
tor, each layer of fiber mat passes through approxi- 
mately 180 degrees between Its input and output 
ends. In other words, the input ends 58 of each fiber 
42 are circumferentially offset approximately 180 de- 
grees from the output ends 58. 

A second embodiment 80 of the present invention 
is shown In Figs. 10-15 and can be seen to include a 
fiber mat 82 formed of a plurality of parallel bound fib- 
ers 84 and elongated longitudinally extending tubular 
inlet and outlet manifolds 86 and 88, respectively, 
connected to opposite ends of the mat for delivering 
gas to the fibers and removing gas from the fibers. 
The entire mat 82 can be wound in a spiral around one 
of the manifolds and an interior balloon 90 which is in- 
flatable and deflatable as with the first embodiment 

The fibers 84 in the fiber mat 82 extend substan- 
tially perpendicularly to the longitudinal axis of the 
oxygenator and are bound together as in the first de- 
scribed embodiment with threads 92 or the like so 
that the fibers are retained in substantially parallel but 
spaced relationship for optimal gas transfer. The inlet 
manifold 86 is connected to input ends 94 of each fib- 
er 84 and the output manifold 88 is connected to the 
output ends 96 of each fiber as best seen in Fig. 14. 
The manifolds are semi-rigid tubes which retain the 
mat in a substantially extended condition while being 
flexible enough to be inserted Into a vein and follow 
the contours of the vein. The manifolds 86 and 88 are 
hollow tubular bodies and the fibers are potted in a 
suitable potting compound 98 in an opening 100 in the 
side of the manifolds (Fig. 14). 

It does not matter whether the inlet manifold 86 
is disposed adjacent to the balloon 90 so that the fiber 
mat is wrapped therearound or whether the outlet 
manifold 88 is so positioned. For purposes of the 
present disclosure, however, the inlet manifold 86 is 
disposed on the outside of the oxygenator 80 and is 
connected via flexible tubing 102 to a source of oxy- 
gen (not shown). The outlet manifold 88 is similarly 
connected with flexible tubing 104 to a vacuum 
source (not shown) so that the vacuum source can 
draw the oxygen and any accumulated carbon dioxide 
through the manifolds and the connected fibers at a 
negative pressure. 

The balloon 90 which is disposed interiorly of the 
wrapped fiber mat 82 Is inflated and deflated in a con- 
ventional manner through a flexible tube 106 which is 
connected to a source of helium or the like which has 
been found to be suitable for this purpose. In an alter- 
native arrangement of this embodiment, the balloon 
90 might be connected to one of the manifolds 86 or 
88 with a connector 108 which in the disclosed alter- 
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native shown in phantom lines in Figs. 10, 11 and 15 
is the outlet manifold 88. The connection of the bal- 
loon to one of the manifolds facilitates simultaneous 
insertion of the manifolds, mat and balloon. The con- 
nection does not necessarily have to be made, how- 
ever, as the balloon can be inserted into the vena 
cava after the fiber mat is inserted and merely slid into 
the space 110 defined at the center of the spirally 
wound fiber mat. 

A third embodiment of the invention is illustrated 
in Fig. 16-20 with this embodiment being somewhat 
similarto that disclosed in Figs. 10-15. In the third em- 
bodiment, however, the fibers 112 are woven into a 
mat 113 so that there are two sets of parallel fibers 
112Aand 11 2B with the fibers in each set being sub- 
stantially perpendicular to the fibers of the other set. 
Each set of fibers has an inlet end 114A or 114B and 
an opposite outlet end 116A or 116B. Manifolds 118 
are generally L-shaped having a semi-rigid tubular 
manifold leg 120 and a perpendicular flexible tubular 
manifold teg 122. The rigid legs 120 are associated 
with one set of fibers 112Awith one rigid leg commu- 
nicating with the inlet ends lUAof the fibers and the 
other rigid teg with the outlet ends 116Aof the fibers. 
Similarly, the flexible legs 1 22 are associated with the 
second set of fibers 112B with one flexible leg being 
in communication with the inlet ends 114B of the sec* 
ond set of fibers and the other flexible leg with the 
outlet ends 116B of the second set of fibers. The fib- 
ers 112 are suitably connected to the manifolds 118 
with a potting compound 1 24 as shown in Fig. 20. One 
L-shaped manifold is of course connected to a source 
of oxygen (not shown) through an input line 128 while 
the other L-shaped manifold is connected to a va- 
cuum source (not shown) through an outlet line 128. 

The woven fiber mat 113 is wound around a bal- 
loon 1 30 configured as shown in Fig. 1 6 with the semi- 
rigid manifold leg 120 of each manifold 118extending 
longitudinally of the oxygenator and in parallel rela- 
tionship with the balloon. The flexible legs 122 of the 
manifolds are allowed to be wound into a spiral at 
proximal and distal ends of the oxygenator respec- 
tively. The woven mat 1 1 3 of fibers Is therefore wound 
in a spiral around the balloon and the diameter of the 
oxygenator can be varied by moving the semi-rigid 
manifolds 120 circumferentiaily relative to each other 
in one direction or another to facilitate insertion and 
desired operation of the oxygenator. Of course, the 
ability of the semi-rigid manifolds to move circumfer- 
entiaily relative to each other allows the fiber mat 1 1 3 
to expand and contract when the balloon is inflated 
and deflated respectively. One desired aspect of this 
embodiment of the invention is the fact that nearly 
twice the number of fibers can be incorporated into 
the same mat to increase the surface area of contact 
between the fibers and the blood to be oxygenated. 

Afourth embodiment 1 32 of the present invention 
is illustrated in Figs. 21-25. This embodiment can be 



seen to include a mat 134 woven from two set of fib- 
ers 1 36A and 1 36B with the fibers 1 36 in each set be- 
ing substantially perpendicular to the fibers in the 
other set and with the sets of fibers being helically 

5 wound in opposite directions around the oxygenator. 
The fibers in each set have their inlet and outlet ends 
137 and 138, respectively, potted in inlet and outlet 
manifolds 140 and 142, respectively, located at oppo- 
site longitudinal ends of the oxygenator. The outlet 

10 manifold 142, as best seen in Figs. 21, 22 and 25, is 
merely a hollow cap defining an Internal chamber 144 
which is in communication with the outlet ends 1 38 of 
the fibers of both sets which are secured therein with 
a suitable potting compound 146. A hollow exhaust 

15 tube 148 has Its distal end also imbedded in the pot- 
ting compound 146 so as to be in communication with 
the chamber 144 whereby gas flowing through the 
fibers 136 into the outlet manifold 142 can be re- 
moved from the outlet manifold through the exhaust 

20 tube 148. The inlet manifold 140, which is at the prox- 
imal end of the oxygenator, is of ring-like configura- 
tion having a circular internal chamber 150 in commu- 
nication with the inlet ends 137 of the fibers of both 
sets which are potted in the manifold. An oxygen sup- 

25 ply line 152 is also potted in the inlet manifold 140 to 
deliver oxygen from an oxygen source (not shown) to 
the inlet manifold. 

A balloon 1 54 is formed from tubular polymer ma- 
terial by hermetically sealing opposite ends of the tub- 

30 ular polymer material to the exhaust tube 148 at 
spaced locations along the length of the exhaust 
tube. The balloon is also hermetically sealed around 
a gas inflation line 1 56 which slidably extends through 
the inlet manifold 140. A source of helium gas or the 

35 WkB (not shown) is connected to the inflation line 156 
to inflate and deflate the balloon. It should be appre- 
ciated that none of the balloon 154, the exhaust tube 
148, or the gas inflation line 156 is connected to the 
inlet manifold so that the manifold 140 Is allowed to 

40 slide along the length of these components toward 
and away from the exhaust manifold 142 as the bal- 
loon inflates and deflates. This permits the fibers to 
be moved in and out to optimize gas transfer. 

The fibers 136, as mentioned previously, include 

45 two sets of interwoven fibers 136A and 136B which 
are disposed at an angle relative to the longitudinal 
axis of the oxygenator so that each fiber in fact is 
wrapped helically relative to the longitudinal axis of 
the oxygenator. As will be appreciated, when the 

50 manifolds 140 and 142 are separated longitudinally, 
the fibers tend to be drawn closer to a central longi- 
tudinal axis of the oxygenator, whereas when the 
manifolds are moved longitudinally closer to each 
other the fibers become further separated from the 

55 central longitudinal axis. This increases the turbu- 
lence of the blood passing in and around the oxyge- 
nator to optimize gas transfer. 

A fifth embodiment of the present invention is ii- 

6 
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lustrated in Figs. 27-30 with a first arrangement 160 
shown in Figs. 27 and 28. In this an'angement, longi- 
tudinally extending inlet and outlet nfianifolds 162 and 
164, respectively, are of elongated semi-rigid tubular 
construction and are diametrically disposed on either s 
side of the oxygenator. Of course the inlet manifold 
162 is connected through an inlet tube 166 to a source 
of oxygen gas (not shown) while the outlet manifold 
184 is connected through an outlet tube 168 to a va- 
cuum source (not shown). The fibers 170 are dis- 
posed in two sets 170Aand 170B with each set being 
of generally semi-cylindrical configuration and having 
a plurality of parallel fibers that have been bound to- 
gether with thread 172 or the Wke so as to retain the 
fibers in a spaced relationship and wherein they ex- 
tend substantially perpendicularly to each of the 
manifolds. The fibers of each set extend away from 
each manifold in an opposite direction so as to define 
a tubular body 174 that surrounds an inflatable bal- 
loon 176. The balloon as in other embodiments is 
connected to a source of gas (not shown) through a 
gas supply tube 178 for inflation and deflation with a 
suitable gas being helium. One advantage with an 
embodiment of this type is that the length of each fib- 
er 170 is relatively short which has been found to in- 
crease oxygen transfer efficiency of the oxygenator 
as a whole. 

In a second arrangement 180 shown in Figs. 29 
and 30, elongated tubular semi-rigid Input and output 
manifolds 182 and 184, respectively, are again con- 
nected to sources of oxygen gas through an input line 
186 and a vacuum source through an outlet line 188, 
respectively. In this anrangement, however, there are 
actually four sets of fibers 190 which have been 
bound together Into four mats 190A, 190B, 190C and 
190D having inlet and outlet ends 192 and 194, re- 
spectively, of the fibers in each mat connected in fluid 
communication with the inlet and outlet manifolds 
1 82 and 1 84., respectively. The four sets of fibers de- 
fine in combination two concentric tubular bodies 196 
and 1 98 which surround an internal balloon 200 which 
again is connected to a gas inflation and deflation 
source such as helium through a gas supply tube 202. 
The only difference in this arrangement and that 
shown in Figs. 27 and 28 is that there Is a double layer 
of thickness of the fibers to increase the surface area 
of contact between the fibers and the blood flow. 

A sixth embodiment 204 of the present invention 
is shown in Figs. 31-36 and can be seen to include 
three longitudinally displaced manifolds 206, 208 and 
210 which interconnect two distinct sets 21 2 and 214 
of fibers 216. The manifolds 206 and 210 at the op- 
posite ends of the oxygenator serve a common pur- 
pose in serving as inlet or outlet manifolds while the 
middle manifold 208 serves the opposite purpose. 
For purposes of the present disclosure, the middle 
manifold will be referred to as the inlet manifold and 
the other manifolds 206 and 210 will be referred to as 



the proximal end outlet manifold and the distal end 
outlet manifold, respectively. The proximal end outlet 
manifold 206 of the oxygenator is ring shaped and de- 
fines an internal chamber 218 that is in communica- 
tion with the outlet end 220 of the first set 212 of fibers 
which have been potted in the manifold. The inlet end 
222 of the first set of fibers are potted in the inlet 
manifold 208 which also has a circular hollow chanr)- 
ber 224. An oxygen gas inlet line 226 is connected to 
(in non-fluid communication) and passes through the 
proximal end outlet manifold 206 and is connected to 
and communicates with the interior chamber 224 of 
the inlet manifold 208 for delivering gas to the inlet 
manifold. The gas is thereby allowed to flow in a re- 
verse direction through the first set of fibers for col- 
lection in the proximal end outlet manifold 206 where 
the gas can be removed by a vacuum source connect- 
ed through a vacuum tine 228 to the hollow chamber 
218 in the proximal end outlet manifold 206. 

The second set of fibers 214 have their inlet end 
230 potted in the Inlet manifold 208 again in commu- 
nication with the interior chamber 224 to receive oxy- 
gen gas therefrom and an outlet end 232 potted in the 
distal end outlet manifold 210 having a hollow cham- 
ber 234 in communication with the outlet end of the 
fibers. The vacuum line 228 extends through the 
proximal end outlet manifold 206, through the inlet 
manifold 208 (in non-fluid communication), and then 
opens into the internal chamber 234 in the distal end 
outlet manifold 210. in this manner, gas collected in 
the distal end outlet manifold can be returned to the 
proximal end outlet manifold 206 and subsequently 
removed from the oxygenator through the influence 
of the vacuum source. 

It will therefore be seen thatthe inlet manifold 208 
which is in communication with a source of oxygen 
gas is positioned to deliver gas to both the first and 
second sets 212 and 214 of fibers so that the gas 
flows in opposite directions from the inlet manifold 
and can be collected in both the distal and proximal 
end outlet manifolds for removal through the vacuum 
line 228. The vacuum source is therefore utilized to 
draw the oxygen gas through both sets of fibers at a 
negative pressure for optimal gas transfer with the 
blood. 

A pair of Inflatable balloons 236 and 238 are dis- 
posed interiorly of the two sets of fibers 21 2 and 214, 
respectively, with the balloons being made from a 
tubular stock of polymer wherein the open ends of the 
tubes are hermetically seated at one end to the inlet 
manifold 208 and at the other end to the distal or prox- 
Imal end outlet manifolds 210 and 206, respectfully. 
' Asemi-rigid tube 240 for delivering inflation gas to the 
balloons passes through the proximal end outlet 
manifold 206 and is hermetically but slidably sealed 
thereto by a rubber o-ring 242. The gas delivery tube 
has openings 244 along its length in communication 
with the interior of both balloons so that the balloons 



10 



15 



20 



26 



30 



35 



40 



45 



50 



55 



13 EP 0 631 790 A2 14 



can be Inflated and deflated by the Injection and re- 
moval of helium gas or the like. The distal end 246 of 
the gas Inflation tube Is ennbedded and sealed in the 
distal end outlet manifold 210. 

There are several advantages with this particular 
embodiment of the Invention with one advantage be- 
ing that while the oxygenator is of a length that Is suit- 
able for insertion into the vena cava, the gas delivery 
fibers themselves are of approximately half the over- 
all length of the device. As mentioned previously, it 
has been found that better gas transfer can be ob- 
tained through shorter fibers carrying the same vol- 
ume of gas. Another advantage with the oxygenator 
of this embodiment Is that the oxygenator can be 
placed within the vena cava 248 In direct alignment 
with the heart 250 so that the oxygenator extends in 
opposite directions and actually delivers oxygen gas 
to the blood flowing from both the superior vena cava 
248S and the inferior vena cava 2481 into the heart 
250. Figs. 32-36 are cross-sectional views taken at 
different locations along the device as Illustrated in 
Fig. 31 to better Illustrate the relative positions of the 
component parts of the oxygenator. 

It will be appreciated from the above description 
of the present invention that different embodiments 
of the oxygenator of the present invention have been 
illustrated which improve the gas transfer capabilities 
of Intravenous fiber membrane oxygenators. Part of 
the improvement is felt to be due to the fact that the 
fibers extend at a transverse angle to the longitudinal 
axis of the oxygenator and also due to the fact that in 
several embodiments, the fibers have been short- 
ened while retaining a desired surface area contact 
with the blood. Further, the embodiment of Figs. Si- 
de provides the advantage of delivering oxygen gas 
in two opposite directions so that the device is ideally 
suited for placement in direct alignment with the heart 
to oxygenate blood flowing from two opposite direc- 
tions. 

Although the present invention has been descri- 
bed with a certain degree of particularity, it is under- 
stood that the present disclosure has been made by 
way of example, and changes in detail of structure 
may be made without departing from the spirit of the 
invention, as defined in the appended claims. 



Claims 

1 . An elongated percutaneous oxygenator having a 
longitudinal axis comprising In combination: 

a plurality of hollow gas permeable and liq- 
uid impermeable fibers, said fibers having an in- 
put end and an output end, a first lumen connect- 
ed in fluid communication with the input end of 
said fibers, a second lumen connected in fluid 
communication with the output end of said fibers, 
gas moving means for delivering oxygen to said 

0 



first lumen and removing gas from said second 
lumen, at least some of said fibers extending to 
some degree transversely to said longitudinal 
axis. 

5 

2. An elongated intravenous percutaneous oxyge- 
nator having a longitudinal axis comprising in 
combination: 

a balloon extending along the length of the 
10 oxygenator and a first lumen for delivering gas to 
said balloon and exhausting gas from said bal- 
loon, and 

a plurality of hollow gas permeable and liq- 
uid impermeable fibers sunrounding said balloon, 

15 said fibers having an input end and an outputend, 
a second lumen connected in fluid communica- 
tion with the input end of said fibers, a third lumen 
connected in fluid communication with the output 
end of said fibers, gas moving means for dellver- 

20 ing oxygen to said second lumen and removing 
gas from said third lumen, and gas inflation 
means in communication with said first lumen for 
inflating and deflating said balloon, at least some 
of said fibers extending to some degree trans- 

25 verseiy to said longitudinal axis. 

3. The oxygenator of Claim 2 further including a first 
manifold in fluid communioation with the input 
end of said fibers, second manifold in fluid com- 

30 municatlon with the output end of said fibers and 
wherein said fibers are spirally wound from their 
input end to their output end about the longitudi- 
nal axis of the oxygenator. 

35 4. The oxygenator of Claim 3 wherein there are sev- 
eral sets of said fibers with each set Including a 
plurality of substantially parallel fibers and 
wherein the sets are at least partially overlapped 
and spirally wound in more than one direction. 

40 

5. The oxygenator of Claim 4 wherein each set of 
fibers is spirally wound approximately 180° be- 
tween said first and second manifolds. 

45 6. The oxygenator of Claim 5 wherein the fibers in 
each set are bound together in substantially 
spaced relationship to define mats of said fibers. 

7. The oxygenator of claim 4 wherein there is no f lu- 
50 id communication between said balloon and said 

first and second manifolds. 

8. The oxygenator of Claim 7 wherein said first and 
second manifolds are relatively movable along 

55 said longitudinal axis. 

9. The oxygenator of Claim 1 wherein said first and 
second lumens include elongated semi-rigid tub- 
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ular manifolds extending in parallel relationship 
with the longitudinal axis of the oxygenator and 
said fibers extend substantially perpendicularly 
to said manifolds, and wherein said fibers are 
wound around one of said manifolds. 

10. The oxygenator of Claim 2 wherein said second 
and third lumens include elongated semi-rigid 
manifolds extending in parallel relationship with 
the longitudinal axis of the oxygenator and said 
fibers extend substantially perpendicularly to 
said manifolds, and wherein said fibers are 
wound around one of said manifolds and said bal- 
loon. 

11. The oxygenator of Claim 10 wherein said fibers 
are bound together In substantially parallel 
spaced relationship to form a mat of said fibers. 

12. The oxygenator of Claim 1 wherein there are first 
and second sets of said fibers, the fibers in each 
set extending substantially parallel to each other 
and substantially perpendicularly to the fibers in 
the other set, each of said first and second lu- 
mens including a semi-rigid and a flexible elon- 
gated tubular manifold, said manifolds of the first 
lumen being substantially mutually perpendicular 
and the manifolds of the second lumen being 
substantially mutually perpendicular, and where- 
in said fibers are wound around one of said semi- 
rigid manifolds. 

13. The oxygenator of Claim 2 wherein there are first 
and second sets of said fibers, the fibers in each 
set extending substantially parallel to each other 
and substantially perpendicularly to the fibers In 
the other set, each of said second and third lu- 
mens including a semi-rigid and a flexible elon- 
gated tubular manifold, said manifolds of the sec- 
ond lumen being substantially mutually perpen- 
dicular and the manifolds of the third lumen being 
substantially mutually perpendicular, and where- 
in said fibers are wound around one of said semi- 
rigid manifolds and the balloon. 

14. The oxygenator of Claim 1 wherein there are first 
and second sets of said fibers, said fibers of each 
set being substantially parallel with the fibers of 
the same set and being woven with the fibers of 
the other set and wherein the fibers of the first 
and second sets are spirally wound relative to the 
longitudinal axis of the oxygenator in opposite di- 
rections. 

15. The oxygenator of Claim 2 wherein there are first 
and second sets of fibers, said fibers of each set 
being substantially parallel with the fibers of the 
same set and being woven with the fibers of the 



other set and wherein the fibers of the first and 
second sets are spirally wound relative to the 
longitudinal axis of the oxygenator and around 
the balloon in opposite directions. 

5 

16. The oxygenator of Claim 15 further including a 
first manifold in fluid communication with the in- 
put end of the fibers of both sets and said second 
lumen, a second manifold In communication with 
10 the outlet end of the fibers of both sets and said 
third lumen, and wherein said first and second 
manifolds are relatively movable along said long- 
itudinal axis. 

15 17, The oxygenator of Claim 16 wherein one of said 
second or third lumens extends through said bal- 
loon in hermetically sealed relationship there- 
with. 

20 18. The oxygenator of Claim 17 wherein said one lu- 
men is slidably related to the manifold associated 
with the other of said lumens. 

19. The oxygenator of Claim 1 wherein said first and 
25 second lumens each include an elongated semi- 
rigid tubular manifold extending substantially 
parallel to said longitudinal axis and wherein said 
fibers extend substantially perpendicularly to 
said manifolds and in communication therewith, 

30 said fibers being oriented to form a hollow tube 
extending along said longitudinal axis. 

20. The oxygenator of Oaim 2 wherein said second 
and third lumens each include an elongated semi- 

35 rigid tubular manifold extending substantially 
parallel to said longitudinal axis and wherein said 
fibers extend substantially perpendicularly to 
said manifolds and in communication therewith, 
said fibers being oriented to form a hollow tube 

40 extending along said longitudinal axis in sur- 
rounding relationship with said balloon. 

21. The oxygenator of Claim 20 wherein said fibers 
are bound together in spaced relationship to form 

45 a tubular mat of said fibers. 

22. The oxygenator of Claim 21 wherein there are a 
plurality of tubular mats of said fibers. 

50 23. An elongated intravenous percutaneous oxyge- 
nator having a longitudinal axis comprising in 
combination, a first and second set of hollow gas 
permeable and liquid impermeable fibers, thef ib- 
ers of each set having an Input end and an output 

55 end, at least three longitudinally spaced mani- 
folds in communication with one of said input 
ends or output ends of said fibers, gas delivery 
means in communication with the input ends of 
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said fibers and gas exhaust means in communi- 
cation with said output ends of said fibers such 
that gas can be passed through said fibers and 
the manifolds associated therewith. 

5 

24. An elongated intravenous percutaneous oxyge- 
nator having a longitudinal axis comprising in 
combination, a first and a second set of hollow 
gas penmeable and liquid impermeable fibers. 

the fibers of each set having an input end and an io 
output end, at least three longitudinally spaced 
manifolds in communication with one of said in- 
put ends or output ends of said fibers, gas deliv- 
ery means in communication with the input ends 
of said fibers and gas exhaust means in commu- is 
nication with said output ends of said fibers such 
that gas can be passed through each set of said 
fibers and the manifolds associated therewith, in- 
flatable balloon means disposed longitudinally of 
said oxygenator so as to be surrounded by said 20 
fibers, and gas inflation means in communication 
with said balloon means for inflating and deflat- 
ing the balloon means. 

25. The oxygenator of Claim 24 wherein said mani- 25 
folds are aligned along the longitudinal axis of the 
oxygenator and there are three of said manifolds, 

the middle one of said manifolds being in commu- 
nication with one of said input or output ends of 
said fibers and the other two manifolds being in 30 
communication with the other of said input ends 
or output ends of said fibers. 

26. The oxygenator of Claim 25 wherein said balloon 
means extends between said middle one of said 35 
manifolds and the other two of said manifolds. 

27. The oxygenator of Claim 26 wherein one of said 
gas delivery and gas exhaust means are in com- 
munication with the middle one of said manifolds 40 
and the other of said gas delivery or gas exhaust 
means is in communication with the other two of 
said manifolds. 

28. The oxygenator of Claim 27 wherein said balloon 4S 
means includes two balloons with one balloon ex- 
tending between said middle manifold and one of 

said other two manifolds and the other balloon 
extending between said middle manifold and the 
other of said other two manifolds and wherein so 
said gas inflation means Is in communication with 
each of said balloons. 
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